To our knowledge, the frequency of nonoral mucosal involvement among patients with BP was not evaluated previously in the setting of cohort or large case series studies. The knowledge about the precise mucosal structures that may be affected in BP and of the distinct features of patients with BP who have mucosal involvement is very limited.
M ost patients with bullous pemphigoid (BP) classically present with tense blisters and erythema, seen predominantly in the limb flexures and the abdomen, and often in conjunction with urticarial plaques. Meanwhile, 20% present with atypical manifestations, including prurigo-like type, 1 urticaria-like type, 2 eczema-like type, 3 and dyshidrosiform type. 4 Involvement of the mucous membranes was considered an atypical physical feature by the clinical criteria of Vaillant et al, 5 which yields a positive predictive value of 95% for a clinical diagnosis of BP. Mucosal lesions in BP are typically restricted to the oral mucosa and may be observed in up to 20% of patients. [6] [7] [8] The involvement of other mucosal surfaces is less established and based on anecdotal case reports. [9] [10] [11] [12] [13] To our knowledge, the frequency of nonoral mucosal involvement among patients with BP was not evaluated previously in the setting of cohort or large case series studies. The knowledge about the precise mucosal structures that may be affected in BP and of the distinct features of patients with BP who have mucosal involvement is very limited.
The objectives of the current study were to evaluate the prevalence of general mucosal involvement in patients with BP and to characterize the subgroup of patients with mucosal lesions, using a large cohort of patients with welldefined and immunopathologically validated BP.
Methods

Design and Study Population
This was a retrospective prevalence study comprising all patients who received a new diagnosis of BP between January 1, 2000, and July 31, 2017, at Rambam Health Care Campus, Haifa, Israel.
Bullous pemphigoid was diagnosed as a blistering disease appearing predominantly in the skin with suggestive clinical features 5, 6 and typical histopathology of BP, including a subepidermal blister with inflammatory-cell infiltrate in the superficial dermis, often containing eosinophils, alongside at least 1 of the following immunopathological features: (1) 14 Cases with predominant mucosal involvement were defined as mucous membrane pemphigoid (MMP) and excluded from the current study according to the international consensus on MMP. 15 This consensus statement concludes that the main clinical feature of MMP is being a mucous membrane-dominant disease, thus distinguishing it from all other immune-mediated blistering skin diseases that may have mucous membrane involvement. 15 In cases where inflammatory epidermolysis bullosa acquisita (EBA) or anti-laminin γ1 pemphigoid were clinically suspected, direct IF microscopy was conducted after the perilesional biopsy was incubated with 1 M NaCl solution (in BP, in contrast to the 2 aforementioned conditions, immunoreactant depositions are detected along the roof of the artificial split). 16 In addition, type IV collagen immunostaining on paraffin sections was performed in several cases to differentiate BP from EBA (in the latter, type IV collagen is expected to be demonstrated in the epidermal roof of the blister).
17-19
Every new-onset BP patient underwent a thorough physical examination by a trained dermatologist, and standardized medical charts were filled. Physical examination was systematically oriented to inspect for mucosal lesions on the oral, genital, and nasal mucosae. An indirect laryngoscopy was performed by a trained otorhinolaryngologist to evaluate the involvement of the larynx whenever other mucosal surfaces were involved, or when patients complained about laryngeal symptoms like sore throat, dysphagia, or hoarseness. All patients underwent a systematic eye examination by a trained ophthalmologist before the initiation of treatment.
This retrospective, noninterventional study was approved by the institutional ethical board of Rambam Health Care Campus, waiving patient written informed consent because data were collected as part of standard care.
Definition of Covariates
Disease severity was divided, based on the clinical description, into "mild or moderate" and "extensive." 20, 21 Eosinophil count and other hematological parameters of the cases were recorded on the admission of patients with new-onset BP (before the initiation of any systemic therapy).
Statistical Analysis
All continuous parameters were expressed as means with standard deviation (SD). Comparisons of percentages between different patient groups were carried out using the χ 2 test. All normally distributed data were analyzed using unpaired or paired student t-test. Data found to be nonnormally distributed were analyzed using the MannWhitney U test for independent subgroups and the Wilcoxon test for dependent subgroups. All statistical analyses were performed using SPSS statistical software (version 22, IBM).
Results
Characteristics of the Study Population
The study cohort comprised 328 patients with BP, of whom 139 (42.4%) were men, and 189 (57.6%) were women. The mean (SD) age at diagnosis was 78.0 (11.8) years, and the median age was 80.0 (range, 22.0-99.0) years. Most of the patients were of Ashkenazi Jewish origin (n = 196; 59.7%), followed by Sephardic Jews (n = 95; 29.0%), and Arabs (n = 37; 11.3%).
Patients of Arab ancestry were significantly younger than Jews at the onset of the disease (70.7 [14.9] years vs 78.9 [11.0] years, respectively; P < .001).
General Mucosal Involvement
Fifty-six patients (17.1%) presented with mucosal lesions. The oral mucosa was the most frequently involved mucosal surface (n = 45; 13.7%). Mucosal lesions on the larynx had been observed in 16 (4.9%) of the patients, being the second most common involved mucosal surface. Ten patients (3.0%) had genital, 1 (0.3%) had anal, and 1 (0.3%) had ocular involvement. Of patients with mucosal involvement, 39 (69.7%) had isolated involvement of 1 mucosal surface, whereas 17 (30.3%) patients had 2 mucosal surfaces involved concomitantly. None of these patients had a simultaneous involvement of more than 2 mucosal surfaces. The mucosal manifestation followed the skin lesions in 27 (48.2%) patients with an average latency of 6.5 (14.1) months, and preceded the skin lesions in 5 (8.9%) patients with an average latency of 2.5 (1.7) months. Eight (14.3%) patients
Key Points
Question What is the precise prevalence and distribution of mucosal involvement in patients with bullous pemphigoid (BP), and what are the clinical characteristics of patients with mucosal affection?
Findings In this cohort study of 328 patients, mucosal involvement was present in 17.1% of patients with BP and was associated with disease severity. The prevalence of laryngeal involvement was higher than previously reported (4.9%).
Meaning Clinicians should be aware of the notable prevalence of mucosal involvement in BP, particularly of the previously underestimated laryngeal involvement.
Assessment of the Prevalence of Mucosal Involvement in Bullous Pemphigoid
Original presented with concomitant cutaneous and mucosal involvement, whereas the temporal sequence could not be determined in the remaining 16 (28.6%) patients. In patients presenting with oral involvement, the most frequent mucosal lesions were erosions on the buccal mucosa (n = 25; 55.6%), followed by erosions on the soft palate (n = 24; 53.3%), the gingiva (n = 10; 22.2%), the labial mucosa (n = 8; 17.8%), the dorsum of tongue (n = 5; 11.1%), and the floor of mouth (n = 5; 11.1%). Twenty-three (51.1%) patients had isolated involvement of 1 oral mucosal structure, whereas 13 (28.9%), 8 (17.8%), and 1 (2.2%) patient had lesions on 2, 3, and 4 concomitant oral structures, respectively.
The most frequent laryngeal lesions were erosions on the laryngeal surface of the epiglottis, occurring in all 16 patients. One patient (6.3%) had coexisting erosion on the arytenoids, whereas another 1 (6.3%) had concomitant erosion on the false vocal cords. Fourteen (87.5%) patients had concomitant oral or genital lesions, whereas 2 (12.5%) patients had isolated laryngeal mucosal involvement. The leading laryngeal symptom was dysphagia in 7 patients (43.8%), whereas 3 (18.8%) patients presented with a sore throat, and 1 (6.3%) patient with hoarseness. Importantly, 5 (31.3%) patients did not complain about a laryngeal-specific symptom at presentation; these patients underwent laryngoscopic inspection owing to the involvement of other mucosal surfaces. None of these patients presented with shortness of breath or other respiratory symptoms and no scarring lesions were observed. All patients underwent a follow-up endoscopy to assure the resolution of these lesions before the corticosteroid treatment could be tapered down.
Genital involvement was observed in 10 patients, of whom 6 (60%) were women. All 4 male patients presented with erosions on the glans penis, whereas 5 of 6 female patients had erosions on the labia, and 1 had erosions on the vulval vestibule. In 6 (60%) patients, the genital mucosa was the isolated involved mucosal surface, whereas in the remaining 4 (40%), 1 more mucosal surface was concomitantly involved.
Ocular involvement was detected only in 1 patient presenting with unilateral blepharochalasis and conjunctival swelling with nonspecific hyperemia resolving without ophthalmic sequelae.
Characterizing BP Patients With Mucosal Involvement
We then addressed the clinical differences between BP patients with mucosal involvement (n = 56) in relation to the remaining BP patients (n = 272). Patients with mucosal involvement were significantly younger at presentation (71.8 [14.4] years vs 79.3 [10.8] years, respectively; P < .001), whereas no significant differences were seen between the groups regarding sex and ethnic composition (Table) .
No evident differences in the delay from the onset of symptoms until the immunopathologic diagnosis of BP were noted between the 2 groups (P = .15). Regarding the anatomical distribution of bullous lesions, patients with mucosal involvement had an increased cutaneous involvement of the head and neck (51.8% vs 30.1%, respectively; P = .002). Involvement of other body sites and the proportion of atypical clinical variants of BP (including the prurigo-like type, 1 urticaria-like type, 2 eczema-like type, 3 and dyshidrosiform type 4 ) were comparable between the 2 subgroups (Table) . Patients with mucosal involvement presented more frequently with extensive cutaneous disease (55.4% vs 39.7%, respectively; P = .03).
Patients with mucosal involvement were treated by higher dosage of systemic corticosteroids; 38 (67.9%) were administered prednisone at an initial dose exceeding 1 mg/kg (compared with 141 [51.8%] in the remaining patients; P = .03) to achieve disease control, and their mean dose of prednisone at discharge was significantly higher (0.88 [0.32] mg/kg vs 0.75 [0.34] mg/kg, respectively; P = .01). The administration of adjuvant immunosuppressants and doxycycline to achieve disease control was higher among patients presenting with mucosal lesions (33.9% vs 20.6%, respectively; P = .03). Overall, methotrexate was the most frequently administered adjuvant agent (n = 56; 17.1%), followed by azathioprine (n = 10; 3.0%), doxycycline (n = 5; 1.5%), dapsone (n = 3; 0.9%), and mycophenolate mofetil (n = 1; 0.3%).
Patients with BP with mucosal involvement had significantly lower circulating eosinophil counts (509. 7 Of interest, patients with mucosal involvement tended to develop their disease in association with the intake of dipeptidyl peptidase-4 inhibitors (DPP4i), albeit this difference did not reach the level of statistical significance (16.1% vs 9.9%, respectively; P = .18).
In a subgroup analysis, the clinical features of 17 patients with concomitant involvement of 2 mucosal surfaces were compared with patients with only 1 mucosal surface affected (n = 39). The former subgroup had more frequent cutaneous involvement of the head and neck (76.5% vs 41.0%, respectively; P = .02). The following variables were comparable between the 2 subgroups: involvement of other body sites, disease severity, prevalence of exposure to DPP4i, indirect IF positivity, frequency of adjuvant immunosuppressants, and the mean dosage of prednisone required for disease control.
Discussion
This prevalence study reveals that mucosal involvement had been encountered in 56 (17.1%) patients with BP. The oral mucosa was the most frequently involved mucosal surface (n = 45; 13.7%), followed by the laryngeal (n = 16; 4.9%) and the genital (n = 10; 3.0%) mucosae.
Mucosal Involvement in Previous Literature
The frequency of mucosal involvement among patients with BP varied substantially in different study cohorts. A low prevalence of 5.7% was reported in Singapore, 22 whereas higher prevalence rates of 14.5% and 18.6% were observed in Switzerland 6 and North France, 8 respectively. Intermediate figures of 7.7% and 10.2% had been reported in 3 French regions 23 and in a multicenter Pan-European study, 24 respectively. The general mucosal involvement observed in our cohort is within the range of the higher figures in the literature. It is well established that mucosal lesions in patients with BP are usually confined to the oral cavity and tend to take a less aggressive course, compared with pemphigus vulgaris and MMP. 7, 25, 26 The oral mucosa was by far the most frequently involved mucosal surface in previous cohorts; although Joly et al 23 reported that all of their 42 patients with mucosal involvement had oral lesions, the corresponding figures in other studies were 94.4% (17/18), 8 94.1% (16/17), 6 and 80% (4/5). 24 The relative prevalence of oral involvement in our study (80.4%; 45/56) is lower than most previous reports. Our findings indicate that the oral involvement in BP is mainly confined to the nonkeratinized mucosal surfaces; lesions on the buccal mucosa and soft palate were observed in 25 (55.6%) and 24 (53.3%) patients with oral involvement, respectively, whereas the involvement of keratinized mucosal structures, like the gingiva and the dorsum of tongue, was less frequent. The isolated involvement of 1 oral structure in most of the patients lends weight to the previous reports attributing an indolent course to oral lesions in BP. 7, 25, 26 Laryngeal mucosal involvement among patients with BP was believed to be a very rare and atypical presentation. Anecdotal case reports depicted concomitant laryngeal and cutaneous involvement in several patients with BP, [10] [11] [12] whereas previous cohort studies did not identify patients with laryngeal lesions. Our relatively large study reveals that laryngeal involvement is more common than previously appreciated, with a prevalence estimated to be of at least 4.9%. The higher detection of laryngeal lesions may be attributable to our policy of performing indirect fiberoptic laryngoscopy whenever other mucosal surfaces were involved, even in the lack of laryngeal symptoms. It should be noted that determination of laryngeal involvement was based on experienced otolaryngologist visual inspection as well as on response to BP treatment in parallel with the cutaneous response, but lacked histopathologic confirmation. Thus, the estimated prevalence may represent an overestimate and should be viewed as an upper bound of laryngeal involvement. The genital lesions constituted up to 17.9% (10/56) of the general mucosal involvement in this cohort. The corresponding figures in other studies were 0% (0/42), 23 5.6% (1/18), 8 17.6%
(3/17), 6 and 20% (1/5). 24 Although most reports of genital involvement in patients with BP were restricted to younger women, 27, 28 genital lesions in our study affected both elderly male and female patients.
Characteristics of Patients With BP With Mucosal Involvement
Our findings indicate that mucosal involvement is associated with the presence of extensive cutaneous disease. This aligns with a recent French study demonstrating that patients with mucosal involvement had both a more active and extensive disease (as assessed by number of daily new blisters and BPDAI scores, respectively). 8 It was previously suggested that patients with BP presenting with mucosal lesions require more aggressive therapy to achieve clinical remission. 12, 29, 30 Our experience seems to lend weight to this approach, and patients with mucosal involvement were treated with higher doses of systemic corticosteroids and adjuvant agents compared with other BP patients. Taken together, the more aggressive treatment regimen administered for patients with BP with mucosal involvement may be justified. Importantly, patients with mucosal involvement presented more frequently with cutaneous lesions on the head and neck area (n = 29; 51.8%). This distribution was considered as an atypical clinical feature, which decreases the likelihood of a clinical diagnosis of BP when approaching patients with subepidermal autoimmune bullous diseases. 5 This clinical feature may be another clue to raise suspicion about mucosal involvement in relevant patients. Furthermore, we found less peripheral eosinophilia among patients with mucosal involvement; this accords with the findings of a recent study 31 observing a higher prevalence of mucosal lesions among BP patients with normal eosinophil counts relative to those with peripheral eosinophilia. Further research is required to elucidate whether circulating or infiltrating eosinophils exert a protective role against the development of mucocutaneous BP. Patients with mucosal involvement were significantly younger at the onset of their disease. This finding was not reported previously and worth investigating in the future. The younger age of patients of Arab ancestry may be ascribed to the younger age of the Arab population in Israel. 32 Our study revealed that patients with mucosal involvement tended to have an increased exposure to DPP4i, though lacking statistical significance. Recently, Chijiwa et al, 33 comparing 9 patients with DPP4i-associated BP with 21 patients with non-DPP4i-associated BP, reported that the former had more severe mucosal involvement. Furthermore, 36 patients with DPP4-associated BP had been recently found to present more frequently with mucosal lesions compared with their 46 diabetic non-DPP4i-associated BP counterparts (22.2% vs 6.5%, respectively; P = .04). 34 Further studies are warranted to elucidate the pathomechanism underlying this observation.
Strengths and Limitation
The main limitation of the current study originates from the retrospective data collection that interfered with a precise assessment of the acceptable severity index (BPDAI) and autoantibodies titers. Given that the study was performed in a tertiary referral center setting, it is susceptible to the selection of more severe and recalcitrant patients. The lack of consistent longitudinal follow-up interfered with drawing firm conclusions with regard to clinical outcomes of patients as well as to the efficacy of immunosuppressive agents. In addition, thorough immunological profiling of the patients was lacking because ELISA was not performed in all cases. However, our study comprises a relatively large sample of immunopathologically proven cases aged 18 years or older and address questions that were not previously investigated. To our knowledge, this study characterizes the largest subgroup of patients with BP with mucosal involvement and is among the first to shed light on the precise involved mucosal structures.
Conclusions
This study indicates that mucosal involvement in BP may occur in 17.1% of patients. The oral mucosa was the most frequently affected mucosal surface, particularly its nonkeratinized structures, whereas the laryngeal mucosa was more involved than previously reported. Mucosal involvement in BP is associated with extensive cutaneous disease, lower peripheral eosinophilia, and more aggressive treatment. Clinicians should be aware of the notable prevalence of mucosal involvement in BP. Awareness may be specifically raised of the underreported laryngeal involvement.
